Background: Dietary recommendations for adults with diabetes are to follow a healthy diet in appropriate portion sizes. We determined recent trends in energy and nutrient intakes among a nationally representative sample of US adults with and without type 2 diabetes. Methods: Participants were adults aged ≥20 years from the cross-sectional National Health and Nutrition Examination Surveys, 1988Surveys, -2012 (N = 49 770). Diabetes was determined by self-report of a physician's diagnosis (n = 4885). Intake of energy and nutrients were determined from a 24-h recall by participants of all food consumed. Linear regression was used to test for trends in mean intake over time for all participants and by demographic characteristics. Results: Among adults with diabetes, overall total energy intake increased between 1988-1994 and 2011-2012 (1689 kcal versus 1895 kcal; P trend < 0.001) with evidence of a plateau between 2003 -2006 -2012 . In 2007 -2012 , energy intake was greater for younger than older adults, for men than women, and for non-Hispanic whites versus non-Hispanic blacks. There was no change in the percentage of calories from carbohydrate, total fat or protein. Percentage of calories from saturated fat was similar across study periods but remained above recommendations (11.2% in 2011-2012). Fibre intake significantly decreased and remained below recommendations (P trend = 0.002). Sodium, cholesterol and calcium intakes increased. There was no change in energy intake among adults without diabetes and dietary trends were similar to those with diabetes. Conclusions: Future data are needed to confirm a plateau in energy intake among adults with diabetes, although the opportunity exists to increase fibre and reduce saturated fat.
Introduction
The prevalence of type 2 diabetes has increased substantially over the past several decades, which may lead to future growth in morbidity, mortality and economic costs (1) . Given that the majority of individuals with type 2 diabetes are overweight or obese, weight loss through nutritional therapy is often a first step with respect to controlling diabetes (2) . Modest reductions in weight loss can decrease insulin resistance and improve other health outcomes, such as hypertension (2) . Furthermore, a nutritious diet that aids in weight loss or weight management may reduce the number of pharmacological agents that are needed to control diabetes and may improve psychological health such that the patient is empowered to effectively manage their diabetes. The American Diabetes Association (ADA) advises that individuals with diabetes follow the dietary guidelines for the general population: the Dietary Guidelines for Americans (3) ; there is no scientific evidence to support a specific diet for individuals with type 2 diabetes. Thus, the ADA recommends following a healthy, nutrient dense diet in appropriate portion sizes to lose weight or maintain a healthy weight (2) . In the US general population, a significant increase in intake of total calories was found between 1971 and 2000 (4) . Subsequent to the year 2000, calorie intake has remained relatively stable (5) . In a national study of the general population, the percentage of energy from carbohydrate consumption increased, and the percentage of energy from fat and protein decreased between 1971 and 2006; these trends were similar across normal-weight, overweight and obese groups (6) . There are less data available on trends in dietary intake among US adults with type 2 diabetes. In a national study from 1988-2004 among adults with type 2 diabetes, approximately twothirds consumed more fat and saturated fat than recommended, with older adults eating a lower percentage of calories from fat (7) . In a previous study using the same national data between 1988 and 2004, total energy consumption among adults with diabetes remained stable, except for those aged 45-64 years where consumption increased; for all adults with diabetes, carbohydrate consumption increased (8) . Finally, a national cross-sectional study conducted between 2005 and 2010 assessed whether knowledge of a diagnosis of diabetes made a difference in macronutrient intake; the results indicated that men and women with diagnosed diabetes consumed more protein than their counterparts with undiagnosed diabetes; however, all participants consumed less fibre and more saturated fat than recommended (9) . There are several micronutrients that are known to be important for diabetes management. There is limited evidence to indicate that low vitamin D and calcium levels may negatively affect glycaemic levels (10, 11) . Nevertheless, calcium and vitamin D are important for bone health and individuals with diabetes are at an increased risk of fractures (12) . Vitamin C and potassium are found in a variety of fruits and vegetables and potassium may influence insulin secretion (13, 14) . In some studies, magnesium deficiency has been associated with type 2 diabetes (15, 16) . Despite these associations, the ADA does not have specific micronutrient guidelines for individuals with diabetes because the scientific evidence is insufficient to make any formal recommendations.
The main purpose of the present study was to determine trends in energy and macro-and micronutrient intake among adults with type 2 diabetes using data from the National Health and Nutrition Examination Surveys, 1988-2012. In addition, current dietary intake among adults with type 2 diabetes was assessed by age, sex and race/ethnicity, and comparisons were made to those without diabetes. The results from the present study provide new data on the nutritional status of US adults with type 2 diabetes.
Materials and methods
The National Health and Nutrition Examination Survey (NHANES) is a stratified multistage probability cluster survey conducted in the non-institutionalised US population (17) . Participants are interviewed in their home for basic demographic and health information. Following the in-home interview, participants are scheduled to visit a mobile examination center (MEC) to complete a physical examination and a 24-h dietary recall, and to obtain blood samples for laboratory measurement (18, 19) . Between 1988-1994 and 2011-2012, the response rates for the interview ranged from 78.4% to 86.0%; for the examination, response rates ranged from 75.4% to 80.0%. Written informed consent was obtained from all participants and was approved by the National Center for Health Statistics Institutional Review Board.
Study participants
Participants were adults aged ≥20 years (N = 49 770). Diagnosed diabetes was determined if a participant answered 'yes' when asked whether a physician had ever told them that they had diabetes, excluding during pregnancy (n = 1193, NHANES III; n = 849, NHANES 1999-2002; n = 910, NHANES 2003-2006; n = 1341, NHANES 2007-2010; n = 592, NHANES 2011-2012). Participants likely to have type 1 diabetes were excluded (n = 265) based on the criteria of diabetes diagnosis at age <30 years, current insulin use, and starting insulin treatment within 1 year of diagnosis (20) . Participants selfreported demographic characteristics, including age, sex and race/ethnicity. The present study reports on non-Hispanic whites, non-Hispanic blacks and Mexican Americans.
Dietary intake
In the MEC, participants were asked to report all foods and beverages that were consumed in the past 24 h. The approaches used to collect dietary data and the databases used to analyse energy and nutrient composition have changed slightly over time; however, estimates are known to be comparable and any effect would be nondifferential (21) (22) (23) . In addition, the databases include foods and food products that are traditional to a variety of cultural backgrounds. In NHANES III, the recall was administered using a multiple-pass approach and coding system known as the NHANES III Dietary Data Collection (DDC) System (23) . The DDC system was developed for use in the survey by the University of Minnesota's Nutrition Coordination Center (NCC) and total nutrients were based on the NCC nutrient database. In the continuous NHANES (1999─2012), dietary data were collected using a computer-assisted dietary interview (CADI) system. In NHANES 1999-2000, nutrient intake was based on the University of Texas Food Intake Analysis System (FIAS) database and the USDA 1994-1998 Survey Nutrient Database (21) . Beginning in 2001, the dietary intake data was an integration of two surveys: the USDA's Continuing Survey of Food Intakes by Individuals (CSFII) and the DHHS's National Health and Nutrition Examination Survey (NHANES). The integrated dietary survey was named 'What We Eat in America' (22) . Subsequent to the year 2001, nutrient intake is based on the USDA's Food and Nutrient Database for Dietary Studies (FNDDS).
Statistical analysis
The mean (SE) and percentages were used to describe dietary intake in each survey period using the dietary recall from the MEC; 2-year survey cycles in the continuous 1999-2010 NHANES were combined into 4-year survey cycles as recommended by the National Center for Health Statistics (24) . Data from the 2011-2012 survey were released during the preparation of our paper and we chose to include these data as a 2-year cycle to provide the most recent estimates available; in addition, the 2011-2012 survey cycle was combined with the 2007-2010 survey cycles for significance testing by demographic characteristics. Estimates of dietary intake included mean energy intake (kcal) in each survey period, percentage of calories from consumption of carbohydrates, protein, total fat, saturated fat, polyunsaturated fat, monounsaturated fat; mean fibre intake (g 1000 kcal À1 ); and mean intakes of sodium (mg), alcohol (g), cholesterol (mg), vitamin D (lg), calcium (mg), vitamin C (mg), magnesium (mg) and potassium (mg). Overall estimates were age and sex standardised to the 2007-2010 NHANES diabetic population using age groups 20-44, 45-64, 65-74 and ≥75 years. In addition, dietary intake was stratified by age, sex and race/ethnicity. Linear regression was used to test for a linear trend (P < 0.01) in dietary intake with each dietary component as the dependent variable and the midpoint of each survey cycle as the independent variable. Trend testing for estimates that were age and sex standardised also included independent variables for age and sex. Two-sided t-tests (P < 0.01) were used to determine differences in intake by demographic characteristics in 2007-2012. Finally, to enable a comparison with those with diabetes, overall dietary intake was assessed among those without diagnosed diabetes. Linear regression was used to test for an interaction between diabetes status and study period at the same time as adjusting for age, sex, race/ethnicity, education and body mass index (BMI). All statistical analyses used sample weights and accounted for the cluster sampling design using SUDAAN, release 9.2 (Research Triangle Institute, Research Triangle Park, NC, USA).
Results

Characteristics of participants
There was no significant change in the age or sex distribution over time ( Table 1 ). The proportion who were non-Hispanic white significantly decreased and mean BMI significantly increased over time. The use of insulin was stable and the use of oral agents increased significantly. Among adults without type 2 diabetes, there was a significant decrease in the proportion of adults aged 20-44 years and an increase in the proportion aged 45-64 years (see Supporting information, Table S1 ). Similar to those with diabetes, mean BMI increased significantly.
Energy, macronutrient and micronutrient intake
Age and sex-standardised estimates of nutrient intake are presented in Table 2 . Estimates stratified by age, sex and race/ethnicity are provided in the Supporting information (Table S2) .
Energy intake
Among adults with diabetes, energy intake significantly increased between 1988-1994 and 2011-2012 (1689 kcal versus 1895 kcal, respectively; P trend < 0.001) ( Table 2 ). This increase in energy intake was most apparent in those aged 45-64 years and among Mexican Americans ( Fig. 1 ; see also Supporting information, Table S2 ). There was little change in energy intake between 2003-2006 (1888 kcal) and 2011-2012 (1895 kcal). In 2007-2012, adults 20-44 years consumed more calories than adults age ≥65 years and men consumed more calories than women.
There was no significant increase in total energy intake between 1988-1994 and 2011-2012 among adults without type 2 diabetes (P trend = 0.975) (see Supporting information, Table S3 ). There was a significant interaction between diabetes status and study period after adjusting for sociodemographic characteristics and BMI (P < 0.001).
Percentage of calories from macronutrients
For adults with diabetes, the percentage of calories consumed from carbohydrates was stable between 1988-1994 (48.5%) and 2011-2012 (47.4%; P trend = 0.258) and there were no changes over time by demographic factors ( Table 2 ; see also Supporting information, Table S2 ). In 2007-2012, older adults and women consumed a greater percentage of calories from carbohydrates compared to younger adults and men. Overall, there was no change in the percentage of calories from protein, although intake decreased for those age 65-74 years and non-Hispanic blacks ( Fig. 1 ; see also Supporting information, Table S2 ).
There was no change in total fat, or saturated fat between 1988-1994 and 2011-2012. In 2007-2012, saturated fat was significantly higher for non-Hispanic whites compared to non-Hispanic blacks and Mexican Americans. The percentage of calories from polyunsaturated fat significantly increased ( Fig. 1 ; see also Supporting information, Table S2 ) and there was no change in the percentage of calories from monounsaturated fat (see Supporting information, Table S2 ). Among those without type 2 diabetes, there was a significant decrease in percentage of calories consumed from saturated fat and monounsaturated fat, which was accompanied by an increase in percentage of calories from polyunsaturated fat (P trend < 0.001 for all) (see Supporting information, Table S3 ). There was no change in percentage of calories from carbohydrates, protein or total fat. After adjusting for sociodemographic characteristics and BMI, there were significant interactions between diabetes status and study period for percentage of calories from protein (P = 0.007), total fat (P = 0.009) and saturated fat (P = 0.004).
Fibre intake (g 1000 kcal P trend = 0.002) and this decrease was apparent for those aged 45-64 years, ≥75 years, women and non-Hispanic whites ( Fig. 1 and Table 2 ). In 2007-2012, fibre intake was significantly lower among those age 20-44 years compared to adults ≥65 years (see Supporting information, Table S2 ). Mexican Americans had the highest intake of fibre and non-Hispanic blacks had the lowest intake compared to non-Hispanic whites. Fibre intake was stable between 1988-1994 and 2011-2012 (9.2 g 1000 kcal À1 ) but remained low among adults without type 2 diabetes (see Supporting information, Table S3 ). There was a significant interaction between diabetes status and study period after adjusting for sociodemographic characteristics and BMI (P = 0.002).
Sodium
Overall, sodium intake increased between 1988-1994 (3037 mg) and 2011-2012 (3376 mg; P trend = 0.002) ( Fig. 1 and Table 2 ). In 2007-2012, sodium intake was higher for younger adults, men and non-Hispanic whites compared to non-Hispanic blacks and Mexican Americans. Among adults without type 2 diabetes, sodium intake was stable between 1988-1994 and 2011-2012 (3389 mg) (see Supporting information, Table S3 ). There was a significant interaction between diabetes status and study period after adjusting for sociodemographic characteristics and BMI (P = 0.009).
Alcohol
Alcohol intake remained stable between 1988-1994 (4.1 g) and 2011-2012 (3.8 g; P trend = 0.392) ( Table 2) . Alcohol intake significantly increased for adults age 20-44 years and non-Hispanic blacks (see Supporting information, Table S2 ). In 2007-2012, alcohol intake was higher in younger adults and men. A standard drink in the US contains 14 g of alcohol; thus, consumption was below the recommendations of ≤2 drinks per day for men and ≤1 drinks per day for women.
There was no change in alcohol intake among adults without type 2 diabetes (see Supporting information, Table S3 ) and there was no significant interaction between diabetes status and study period.
Cholesterol
Cholesterol intake was stable between 1988-1994 (258 mg) and 2011-2012 (298 mg; P trend = 0.012) ( Table 2 ). However, there was a significant increase among those age ≥75 years and women (see Supporting information, Table S2 ). In 2007-2012, cholesterol intake was lower for older adults age ≥65 years and women.
There was no change in cholesterol intake among adults without type 2 diabetes (see Supporting information, Table S3 ) and there was no interaction between diabetes status and study period.
Micronutrients
In 2007-2012, vitamin D intake was similar by age but was significantly lower for women than men and for nonHispanic blacks compared to non-Hispanic whites (see Supporting information, Table S2 (Table 2) . Overall, there was no change in magnesium or potassium intake.
Intake of calcium increased, whereas intakes of vitamin C and potassium decreased, among those without diabetes (P trend < 0.001 for all) (see Supporting information, Table S3 ). There was no interaction between diabetes status and study period.
Discussion
The ADA recommends that adults with diabetes follow a healthy, nutrient-dense and balanced diet to manage their diabetes. In addition, individuals with diabetes should be cognisant of any diabetes-related complications or comorbidities that may require modifications from the general Dietary Guidelines. Among adults with type 2 diabetes, energy intake significantly increased between 1988-1994 and 2011-2012, although there was little change between 2003-2006 and 2011-2012 ; supplemental analysis revealed that the observed increase in energy intake was not attenuated after controlling for BMI over time. These findings align with previous research in the general US population showing that calorie intake increased between the 1970s and 2000 but remained relatively stable through 2008 (4, 5) . In addition, there were few changes in macronutrient composition over the study period for adults with type 2 diabetes. Carbohydrate intake was stable between 1988-1994 and 2011-2012; however, already low fibre intakes in 1988-1994 decreased further over time and were especially low among young adults. The Dietary Guidelines for Americans recommend fibre intale of at least 14 g 1000 kcal -1 ; intake was 7.6 g 1000 kcal
À1
for adults age 20-44 years and 9.4 g 1000 kcal À1 overall in 2011-2012 (3) . Accordingly, it can be assumed that a large proportion of carbohydrate consumption is coming from processed foods rather than whole grains, fruits or vegetables (25) . Protein intake decreased for adults age 65-74 years and non-Hispanic blacks, although the ADA does not have specific recommendations for protein even among those with diabetic kidney disease. The percentage of calories from saturated fat remained stable at 11% despite recommendations that <10% of calories come from saturated fat to reduce the risk of cardiovascular disease (CVD); thus, it appears that adults with type 2 diabetes are not decreasing their consumption of saturated fat and that intake remains at the high end of recommended levels (2, 3) . Although saturated fat intake was similar by age in 2007-2012, intake among older adults increased significantly over the study period. Because older adults with diabetes already have a higher risk of diabetes-related complications, high levels of saturated fat intake may exacerbate their CVD risk; indeed, the American Heart Association recommends that dietary intake of saturated fat be <7.0% of total calories (26) . However, there was an increase in the percentage of calories from polyunsaturated fat, which are known to be beneficial for reducing cholesterol when consumed instead of saturated fats, suggesting that adults with diabetes may be trying to improve the types of fat that they consume.
It is important to highlight the suboptimal dietary intake among adults with type 2 diabetes aged 45-64 years, comprising the only age group that showed a significant increase in calorie intake between 1988-1994 and 2001-2012 . A previous national study among individuals with diabetes documented a similar trend in increased calorie consumption among this age group between 1988 and 2004 (8) . In addition to the increase in energy consumption, diabetic adults aged 45-64 years continued to consume more saturated fat than recommended (11.5% of calories in 2007-2012), showed a decrease in already low fibre intakes to well below recommendations (8.7 g 1000 kcal À1 in 2007-2012) and demonstrated an increase in sodium intake to well above recommendations (3647 mg day À1 in 2007-2012). The results in this age group are concerning given that the rate of muscle loss naturally increases around age 50 years and metabolic rate decreases; consequently, the likelihood of weight gain increases if energy consumption is not balanced (27) . For individuals with type 2 diabetes, weight gain and a subpar diet can further increase the risk of common comorbidities that often accompany a diagnosis of diabetes, such as hypertension and high cholesterol (28) . The ADA recommends that individuals with diabetes follow the general population Dietary Guidelines for micronutrient intakes (2, 3) . Overall, adults with diabetes were within the recommended range for cholesterol (<300 mg); however, young diabetic adults, men, nonHispanic blacks and Mexican Americans had intakes just above recommendations. Furthermore, the Dietary Guidelines recommend a daily cholesterol intake of <200 mg for individuals at high risk of cardiovascular disease, which includes many individuals with diabetes. Sodium intake remained stable but was approximately 1000 mg greater than recommended levels (2300 mg); intake was especially high for young diabetic adults and men. The ADA states that, for individuals with diabetes and hypertension, further reduction in sodium should be individualised to help manage blood pressure levels. Much of the sodium in the US diet comes from processed foods; therefore, education on eating whole, unprocessed foods would naturally reduce the amount of sodium consumed in this population at the same time as reducing saturated fat intake (29) . Nevertheless, there is current debate on whether sodium recommendations are too low (30, 31) . Although intake of calcium increased over the study period, consumption was below recommended levels (1000-1200 mg). Individuals with diabetes are at a higher risk of bone fractures; thus, calcium is an important nutrient for this population (32, 33) . Current vitamin D intake was low for older diabetic adults, which is also important for bone health (15 lg recommended). Intake of vitamin C, which is commonly found in a variety of fruits and vegetables, decreased over the study period but was within recommended dietary allowances (75-90 mg). Magnesium intake did not change over the study period but intakes were below recommended levels (300-400 mg); although magnesium deficiency has been associated with diabetes, levels were also low among those without diabetes (15, 16) . Finally, potassium, which is also found in a variety of fruits and vegetables and may influence insulin secretion, decreased over the study period and was below recommended daily intake levels (4700 mg per day) (14) ; intake was also low among nondiabetic individuals. It is important to note that the vitamin intakes reported in the present study only account for these nutrients consumed through food, and do not account for intake through supplements or multivitamins.
The prevalence of obesity in the US population increased significantly between 1960 and 2000, with evidence that the epidemic plateaued between 2003 and 2010 (34, 35) . This aligns with findings in the general population that have shown an increase in energy consumption between the 1970s and 2000 and a relatively stable energy intake between 2000 and 2008 (4, 5, 34, 36, 37) . The results from the present study among individuals with type 2 diabetes were similar in that energy consumption increased between 1988-1994 (1689 kcal) and 2011-2012 (1895 kcal), although the amount of calories consumed between 2003-2006 and 2011-2012 was unchanged (1888 kcal versus 1895 kcal). Interestingly, recent research has suggested a plateau in the prevalence and incidence of diabetes between 2008 and 2012; however, future data are needed to confirm this trend to be able to make any association between changes in calorie intake and the prevalence of diabetes (38) . These findings are encouraging because weight control or loss is a major factor in determining future complications. However, the use of glycaemic medications can make weight management particularly difficult for those with diabetes (28) . Diabetes medications can increase energy intake if patients are over medicated and, consequently, experience hypoglycaemia; in addition, patients may think of their medications as a safety net and an excuse to consume excess energy. Nevertheless, in supplemental analysis, we found no differences in energy intake by insulin use (1871 kcal versus 1810 kcal for no insulin use), use of oral agents (1817 kcal versus 1842 kcal for no oral agents) or BMI (1716 kcal for normal weight versus 1851 kcal in obese) (data not shown). Further investigations with future data will help determine whether energy intake has truly plateaued among individuals with diabetes.
Unlike adults with type 2 diabetes, there was no significant change in energy consumption among adults without type 2 diabetes despite an approximately 100 calorie increase over the study period. Those without diabetes had a lower mean BMI compared to those with diabetes, which may have resulted in smaller change in energy consumption. Energy consumption was higher among adults without diabetes, although this finding is likely a result of the diabetes population being older. Similar to adults with type 2 diabetes, among those without diabetes, the intake of polyunsaturated fat and calcium increased, whereas the intake of vitamin C and potassium decreased; however, saturated fat and monounsaturated fat also decreased among those without diabetes.
A strength of the present study was the nationally representative sample of US adults with type 2 diabetes; thus, the results can be generalised to the US, non-institutionalised population. The relatively consistent methods in the NHANES allowed for the examination of data over several decades and an assessment of trends. Although dietary intake was self-reported, the recall was interviewer-assisted and computer-based to ensure that the most accurate information was collected. In addition, the food databases included a large number of foods and food products; any updates to the food databases over time would be expected to have a nondifferential effect on the assessment of dietary intake by demographic characteristics. Dietary recalls are considered reliable in a healthy normal weight population, although those with diabetes or who are overweight may tend to under-report intake (39) . It is also possible that, regardless of weight status, adults may alter their eating habits if they know they will need to report on what they had eaten the following day (39) . Thus, the energy intake reported may be lower than actual intake. Only one dietary recall was used to estimate nutrient intake because not all NHANES survey years collected two recalls. However, nutrient intake based on one recall can be a reliable measure of usual intake in large population groups (40) . Sodium intakes were adjusted in (41) . Finally, diabetes was self-reported and not adjudicated; we focused on the dietary intake of adults with self-reported diabetes who are aware of their diabetes status and should, ideally, be conscientious of their diet. In addition, self-report of diabetes in survey data has been shown to be highly reliable (42) . An optimal diet varies with respect to a variety of factors, including age, current health, medications, activity level and metabolism. As recommended by the Dietary Guidelines, intake should focus on whole foods rich in whole grains, fruits, vegetables, healthy fats and appropriate portion sizes for weight loss or management. The evidence for these recommendations is primarily based on research in the general population related to reducing CVD risk factors, many of which are relevant to those with diabetes; however, there is little scientific research on optimal dietary intake among those with diabetes. Given that there is a lack of evidence to endorse one specific type of diet, dietary intake should be individualised within the parameters of the major guidelines.
Conclusions
The ADA recommends that individuals with type 2 diabetes follow the Dietary Guidelines for Americans and consume a healthy, nutrient dense diet in appropriate portion sizes to lose weight or maintain a healthy weight. Overall, there was a significant increase in energy intake between 1988-1994 and 2011-2012 for adults with diabetes in the US; however, there was evidence that energy intake plateaued between 2003-2006 and 2011-2012 . In addition, saturated fat and sodium intakes were high and fibre and calcium intakes were low across all age, sex and race/ethnic groups. Thus, there is substantial opportunity for US adults with type 2 diabetes to improve their dietary intake. Individuals with diabetes, especially older adults who have a higher risk and prevalence of comorbidities, should carefully manage their diet. It is promising that energy intake among adults with diabetes may be plateauing, a finding that has also been found in the general US population, although future data are needed to confirm this trend.
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